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eiderations for an alleron balancing~tad system are in-~
terrelated and to serve as a basls of computations for
deslgning such a system.

SYMBOLS

angle of attack

effoctive change 1n angle of attack over aileron
portion of wing due to rolling veloclty

alleron deflsctlion relative to wing

tab deflection relative to alleron

aileron chord behind hinge axls

tad chord behind hinge axis

wine chord

wing span

effective wing spean ueed to calculate 4a
rolling velozity

forward veloclity

moment arm of tad link about tad hinge axis

angle between tad link and line jolning centers
of alleron and tab hinge axes (fig. 1)

factor proportionate to alrplane damping 1in roll
1ift coefficlent

hinge-moment coefficlent

aCy,
OLG = (cu 5
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\ITALYSIS

Let 1t 1 ssumed for the purposes of analyslis
Y

th it is sired tov replace the original plain allerons

¢f an airjlane with zileror ' the s& van eguipvoed
with full-span ba cing tad to give any desired hi
t-c fizlent slopo Cy 10 w alleron must
ble of producing ame maximum rate of roll
ileron.

t hinge~momant ¢ ficient of an
1¢ iy ta cau be expressed
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T™he la i) nation (1) 1is tha contribution
to the nil h aert co clent by the ferce
in the tab link. ntribution rust be computed




because, in normal wind-tunnel procedure, the oileron
hinge morent 1s meunsured with the ted link fastened

to the ilercu. On the airplane, however, tho tabd link

is fastencd to the wing proper. In flight, therefore,
because of the tad liak, the aileron hinge moment will

be difforent from that measured in the tunael. The

sign of ., the angle tetween the line Jjoining the

aileron =nd tad hinge axes and the tad link can be easily
determined by a siuple sketch, such as figure 1. Yhen the
rutio of tab deflectlon to nmileron deflection 1is =1 (fig.
1(a)), *the liukuge system is a parallelcgram, A equals
zero, nud the nileron hinge wermeant i1s reduced (algebrai-
cally but no:t necesserily numerically) by the hinze moment
of the tnb. When the deflectlor ratlio is greater than

-1 (fiz. 1(bd)), the linxage syertem converges toward the
trailine edge, A 1s positive, and the increment of aille-
ron hin moment 1s greatcr than the tad hinge rmoment, On
the other hasd, when thoe deflection rstio is lees than

-1 (fig. 1{ec)), the liaxnge svstem converges toward the
alleron nose, A 13 regative, and the increment of aille-
ron hince moment is less than the tad hinse moment. This
effect 1 uraly mechanical snd 1s in addition to any
eercdynamic effect the tud deflection may have on the aile-
ron hing2 roment. For nonparallel linkage sys tems the
ancle 13 a function of the alleron deflection. A4n
analysis of differentisal linkage systems similar to those
generally uscd to operate balancing tabs is given in refer-
cnce 1.

In order to simplify the calculations of this analysis,
the ratio of tad deflectlon to aileron deflection is assumed
to te -1. The value of A, therefore, 1is zero nrd the
allercn hinge moment 1s algebrailcally reduced dby the hinge
moment of the teb. When the required ratio of tad to alle-
ron deflection 1s calculated, the resulting hinge-aoment
slope (Gng' must te interpreted as being slightly greater
or slightly less than the desizn value because ¢f a small
devintion from tae assumed effect of the tab link. dith
a baluancing tab operated by a parallel linkage systen,
equation (1), therefore, may be rewritten:
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and, when combined with equation (2), the expression for
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Due to rolling relocity

a! = a -




/
where = is the rate of change of anglo of attack

of the amileron with aileron deflection caused by rolling
velocity Equation (6) becomes

r -
(L SR I N S O o T Ao [ + C "Ey + C n By
he :_ ha (9% )r Fsa ] ey,

(8)

If 84 = f (5,), the effective slope Ch5a‘ mey be found

by differentiating equation (8). Thus
C] w /92 \

22N 4+ Gy, "+ C
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(9)

The required rate of tab deflection to give any desired
Chy ! is
5

c
h&t

It iz now necessary to find an expression for ;]—1
for the new aileron in terms of known characteristics L

of the original aileron. Thus,

It can be shown that the effective change in angleé of
attack of the alleron {(in deg) caused by rolling




velocity is:

= 'b\f-_-)_;_\

- (ear” By N\o/

,m) (T»\ .
- 87.3 \37 ) \epprox.)

The effective wine span % wused in equatilon (12) has

been ds*ermt'ed from s:an—load distribution calculations

(refernn:e ). When e alleron chord is 2 cog;tant

proror*;.n of the wing chord along the 8 b was found
to be agproxiratazy equal to the w pe ween pointa

1secantcd 10 percent of the gpdividnaa n outboard
of the inbeoard ends of the tw phus from equation

(12):

For any pnrticular airplane the rate of roll 1is
depenﬂext ppon the increment of 1ift (rolling moment)
prbdu:ed by Lhe ailerous and the damping in roll ef the
airplanz, bat the damping in roll is 1ndependent of the
aiierod char;cte:iutic;. Thus,

where k 18 8 factor dependent upon the damping in
roll zad may be eval any ) lane
with any atileron in terms ¥nown charac

airplane with the origlnnl ailerons. mherefore,
equation (14)
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Thus, equation (14) tecomes for any new aileron,
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And, for any sileron on th: ziven airplane,
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The e fectiveness of the aileron-bslancing-ted

combination QZE—} ' [pat now be expressed In terms of
o8 /
Cy
the tadb ratlio. The 1ift cocfficient mey be expressed as
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Bquatisns (10), (11), (13), (17), aznd (1Q) can be
solved simultaneously te btair the required rato of
tab deiflection with alleron deflecti o zive any
decired 05 he reasulting preesion in terms of

known clarsacteristics of the airplane with the original
alleron is

-tab combination
action of the new
roll as the orig-

The effcctiveress of tne allcron-balancing
uad fr equation (19). The cefl
me rate £

can be fc
aileron required to give the s
inal aileron deflected =6,, desrees con b und from

equation (16) as fellows:

The maximum tab defl 11d > norrally
limited to less than C 3 he [ollowing
expre ion:

he expressions derived in this paper ¢
tlate aileron-baluncing-~tad characteri
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any airplane, even though the characteristics of the air-
plane with an orilginal alleron ars now known, provided
that the factor k, which is proportionate to the damping
in roll, caa be correctly estimated.

For illustrative purposes, certaln charncterlistics of

& glven sirplane with ¢6riginal allerons are assumed to be
ags followse:

—2 « 0.15

c

b = 37.3 feet
T = 27.3 feet
/PbY

k;;lo = 0.09 when 65°'= #1859
max

T

With these characteristics known, the rate of chénge of
tab deflection with alleron deflection required to give

any chaa' is, from equation (20),
e . .66 " {QJL) 1
- chﬁa Lchsa + 0 4 Cha \Cﬁa . J
—&asf = L. (33)
a8 Chg " + 0,664 ¢p M 7oa
-] a —_—
t 3k, /
t Cy,

DISCUSSION

Calculations based on
been made to determine the
tad oorbinations that, for
give th> save maximum rato

the preceding analysis have
various aileron-balancing-
the assumed alirplane, wiil
of roll ae the orlginal un-

balanced allorons but will producs zero chansge in aile~
ron hinge moment with alleron defliection (ch5n| = 0).

Section data for plain flaps and tabs on the NACA 0009

airfoil, taken from reference 3 have bean used for the
calculaiiont, For aileruns smaller than a 0,30c aile~ .
roa, tie tat data have been extrapolated from the curves

of this reference.

[




2alts of the calculstiorns ars presented in
The aileron 2zfleciion reguired %o give the
m te of rol) as the originul aileron, the
1ge of tal deflection wlth ailercn deflesction
! = 0, ard the maximum tab deflection have
=X

bean plotted as functicns of alleron chord fer thrae sizes
of tab. he maximum alleron defiection was assumed

that reguired to produce pbd/2Vv eguel to 0.09 ard,
sequentiy, t2¢ raximuvm tat deflection was determined for
thias condition, Baceuse, at the maximum aileron dsllec-
tions calenlated for ¢ha i1llustretive vroblem, tads bde-
comec relatively inaffective in reducing aileron hinge
momente when deflcected muck beyornd 200, this deflection
has teen arbitrarily essuaced ss the allowcble liwit for
the ¢ceflectlon of the tad. Tha left extremities of tke
curvee of flguro 2 h:rvse leternincd accordingly. TFor
the =#iv2a wirplene, {herefores, the smalles~%-chord silcron
capable of producing pb/2V = 0.C9 with Chg,' = O when

the nirplane is rolling is: (a) a 0.16c afleron with =
0.3Ccy tad, (b) n 0.20¢c eileron with a 0.2Cca ted, or
(¢} a 0.25¢c aileron with a 0.10c, tad. Ailerons wit
chords snaller than thcse oucted will regnire tab de-
flecticn greater than 200 for zero hinge morent et ihe
maxinux alleron deflection. Experimental deta preaentold
in figur2s 12, 12, and 19 of reference 4 indicate that,
if the aileron deflection is large (45° for a 0.10ce tabd,
35° for a 0.20cy tad, aand 2E° for a 0.30ce tad), the tad
ig still effective when deflected as much as 30° in
direction opposed to the atleron deflection., This

has bcen verified exprrimentally by unpublished dat:s
recent tests. Cureful congideration should be riven,
thercfcre, to ths maximum allowadle tad deflection for
each purticular airplare.

.
Tabs of a given ratio of tad chord to aileron choril,
in the range of aileron chords investigated, are nmore
effective in reducing the hinge moments of large-~chord
ailerons than of small-chord ailerons. Tizure 2 shows
that greater rate ol tab-to-nlleron deflection is re-
qjuired on small-chkord lerore than r;e=chord le-

rons.

The effect of the hinge moment caused by the tabd
link on the characteristics cf aileron-balarcing-tab
systems is shown in figure 2. The solid-line curves of
this figure were computed by aszuming a parallel linkase
systom, a prceedurs thnt is the eguivalent of assuming
for the purpose of calculations that o8,/ ==~l, The
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dashed--line curves of figure 2 were computed with all
effects of the tadb lirk entirely nogiocted., Toth zurves,
howsver, includs the effect c¢f roliing velocity. The
increment tetweon the dashed-liro and the solid-liune curves,
thorefore, indicates the magnitude and the direction ot

the effect ¢f ncglocting the hing? momeat caused by the

tab idznk., &n insnecticn of tueee resulte indicates that,
when the balancing-tab link 1s such that the allerou hinge
momonts nre roduced by the lin¥, the rate of changa of tabd
deflecticn with nlleron deflaction required to give complete
balance is slishtly greater than would be computed if the
effeet of tha link were neglocted. This condition occure
because the balancing tadb paramster SH“&ﬁ is reduced

more than the aileron pnremeter

because cht:t is

c
hﬂBa
greater than Cht5i. (See equation (L).)

The rate-of-deflecticn curves end, consequently, all
the solid-~line curves of figure Z should be interpreted,
therefore, accordine to the discussion in the precading
paragraph btecause, ns las previously been pointed out,
in order to s3irplify the rulculations, the effect of the
tab link was approxirated to be that for ofg/aes, = -1.

The soluticn is,therefore, exact only for silerons re-
quiring itils rate of tab deflection. Alleron-tadb con-
binntions for which the reqguired rate ¢f tab defloction
(fig. 2) 1s greater than -1 will not be guite complotely
balanced with the deflection rete calculated. On the other
hand, aileron-ted corbinations for which the reguired de-
flection rote is lass than -1 will be slightly overbalanced
with the calculated rzte of tab deflection. The true rate
of tab deflection ghould be very slightly greater or smaller
by en emount proportional to the increment betwaeen the dnshed=-
lins and tho golid-line curves »nd to the deviation of
calculatod rate from the assumed rate of -1. For all prace
tical purposes, however, this corroction is nezligible =nd
the sclid-line curves represent a solution gsufficiently
accurate for design caleculations. ™he charscteristics of
any particular talancinz-tab system con be easily altered

by en adjusiment of the linkagne arms after flisht tests

have been made to devermine final modifications.

COICLUSIONS

An annlysis ol the application of balencing tabs to
allerons indicates the following general conclusions:

l. cCalculations based on experimental section data
have shown that a balancing tab is a feasible and convenient




means of reducing eileron hinge moments to sero or to
eny desired mngnitude.

2. Because the over~all 1ift effectivenese is less
for an ailercon-baluncing~tadb comblnation than for a rlain
alleron, tia chord, the snan, or the maximum deflectlon
muat be greater for the balanced alleron than for the
plain alleron to produce e given maximum rate ¢f roll.

3. In the range of allzron cherds Investigated,
balancing tabs of a glven ratic of tad chord to aileron
chord ware more effcctive in reducing the hinge moments
of larga-chord ailercns than of smali-chord ailerons.

4., fThe effec: of the trb linit cn the alleron hinge-
moment characteristics cun be satlsfactorily appruximated.
For conventional balaacing tabw, %he tab linkage tends to
reduco, algebraically vet not neceesarily numerically, the
alleron hinge moments tLet would occur if the tad were
fastened to the aileron and not to tho main airfoil. Te-
cauee of this faci, thes tab lirk terds L2 increase the
rate of change of tcd jeflection with nileron deflection
necessary for any glven urount of lLalance.

5., The minimum-chord tad that can bde used with
any chord ailsron is limited Py the ceadition that tke
tad ehonld not bde deflected veyond the limit of its
effective range.

6. ¥Finel medifications in the characteristics of
an alleron~bualancing~tad ayster, ns indicated desirable
by flight tests, can be eanily made dy altering the rate
of tab deflecticn by changing a link erm of the systen.

langley Memoriaml Aeronautical Laboratory,
National Advieory Committee for isronautics
Langley Fleld, Va.
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